To review the use of accelerometry as an objective measure of physical activity in adults and elderly people.
Physical activity (PA) is important for the maintenance of good health throughout life. 18 Studies assessing PA in adults have mainly used self-reported methods, which are associated with several sources of errors and limitations. 21 The majority of studies using objective measures -more specifi cally accelerometry-aimed to validate PA questionnaires are cross-sectional or conducted in US populations and few provide information on a large sample of healthy elderly. 8, 20 Only one systematic review addressed the level of agreement between subjectively and objectively assessed PA in adults. 26 Other review studies have explored the use of accelerometers and other motion sensors to provide reliable information on mobility and objective measures of gait and balance, fall risk assessment, 5, 23, 30 and advantages of the use of these methods in mobility-related activities in individuals with chronic diseases 1 and older people. 9 There are no systematic reviews on accelerometry data in adults and elderly that describe the results as well as methods of analyses and reporting used.
This study aimed to review the use of accelerometry as an objective measure of PA in adults and elderly people.
METHODS
A systematic review was conducted through electronic searches on the PubMed Central, Web of Knowledge,
INTRODUCTION
EBSCO and Medline databases from March 29 to April 15, 2010.
The keywords "accelerometry," "accelerometer," "physical activity," "PA," "patterns," "levels," "adults," "older adults," and "elderly" were searched alone or in combination using "AND" or "OR." The reference lists of the studies retrieved were examined to capture any other potentially relevant articles.
The inclusion criteria were: a) publication prior to April 15, 2010 ; b) subjects aged 18 years and older; c) apparently healthy individuals; d) data collection using uniaxial accelerometers; e) English language; f) data reporting (mean and standard deviation of the accelerometer daily ct.min -1 ; minutes spent at different levels of PA; total activity in counts per day); g) data collection for at least four days.
Studies were excluded if they: a) included exclusively children or adolescents (under 18 years); b) only included patients or individuals with conditions or disorders (e.g., diabetes, cardiovascular disease, chronic obstructive pulmonary disease, osteoarthritis, Parkinson's disease, and overweight); c) included no relevant data; d) were not conducted in humans; e) used accelerometers to measure drug effects on an individual's ability to perform certain tasks.
Studies in languages other than English were not included because of concerns about translation and interpretation. Validity studies, randomized control trials, clinical studies, systematic reviews, metaanalyses and other studies involving intervention programs were included when baseline or relevant data were available.
Studies using biaxial or triaxial accelerometers were excluded due to issues of validation and comparability of results. Also, the focus of our study was on the most commonly and widely used technology.
The Downs & Black checklist 11 was used to assess the methodological quality of studies. Items that were not relevant to the objectives of this study were removed from the original 11 checklist (27 items). The modifi ed version consisted of 12 items from the original list (1-3, 5-7, 10-12, 18, 20 and 27; highest possible score: 12) and eight additional items to ensure the quality of the description of the accelerometry data collection methods. These items were scored if the investigators reported the following (highest possible score = 8):
1. A minimum of four days of data collection; 2. Specifi c hours of data collection (waking hours, sleep); 3. A minimum number of monitoring hours per day to be considered as a valid day of data collection;
4. The epoch used in data collection;
5. Use of an activity log along with the accelerometer;
6. Calibration method of the devices;
7. Software used to analyze crude data;
8. How the authors accounted for periods of rest, time when the accelerometer was not worn, and artifacts.
Two main evaluators reviewed the studies selected and any discrepancies were resolved by consensus.
Two assistant evaluators independently abstracted the data from each study. Study characteristics (year of publication, country of origin and study design), subject characteristics (mean age, age range and sex), accelerometer and assessment characteristics (make and model, days of data collection, cut-offs and analysis software) were described.
The outcomes of interest included time spent at activities of different levels and mean and total daily activity. Sample sizes, means and standard deviations for each outcome were extracted from each study.
Only nonpatient data were used for studies involving both patients and nonpatients. Redundant data were excluded when the authors published multiple articles based on the same data.
The variables studied were time spent on sedentary activities or physical inactivity, moderate PA and moderate-to-vigorous PA, daily mean counts and total counts per day. These variables were chosen because they represent the choices made by most researchers in their analyses and data reporting.
Most of the selected outcomes from the studies were presented as means and standard deviations. Data were not incorporated into the analyses when the results were not reported this way or if they were not presented at all or presented in a non-comparable manner (e.g., median).
Studies that collected 24-hour data could not be pooled for analysis because they derived from a sum of daily counts and, therefore, were non-comparable.
Age group or gender-specifi c data were considered whenever possible but few authors reported data from men and women separately. The overall results were used in the studies where data from different ethnicities or races were reported.
Ages were divided into two groups (mean age <60 and >60 years) because of inconsistencies of age group data reported in the studies. These groups were defi ned based on data stratifi cation used in most studies. However, it was not possible to examine the effect of age on the majority of variables due to inconsistent data reporting.
RESULTS
The initial search identifi ed 1,358 titles in the databases. We retrieved 899 papers as potentially relevant articles ( Figure) . After a review of the titles and abstracts there were selected 29 articles. A complete full-text reviews of these 29 articles showed that 11 did not meet the inclusion criteria. Reasons for study exclusion were: no relevant or comparable data (seven studies); no use of a uniaxial accelerometer (three studies); and redundant data (one study). No additional articles were identifi ed by screening the reference lists. Thus, 18 studies were selected.
Eleven studies were conducted in the United States, fi ve in European countries, one in Australia and one in Cameroon. All were published between 2000 and 2009 and most were of cross-sectional design ( Table 1) .
The articles evaluated a total of 19,848 subjects. The sample sizes ranged from 33 to 4,867 individuals.
The ages ranged from 18 to 70 years. Although the review focused on those aged 18 years and older, one study included subjects from the age of six. Data were stratifi ed by age and only age groups older than 18 were analyzed. Six studies enrolled older people.
Most studies included both men and women, but two enrolled women only.
Most studies met eight or more criteria from the original Downs & Black checklist, suggesting good methodological quality. The item with greater proportion of low scores was the one concerning "subjects being representative of the entire population from which they were recruited".
A mean of 5.38 quality criteria items concerning the description of data collection methods were met by the studies reviewed. One study achieved the highest possible score and fi ve did not meet at least half of the quality criteria.
All studies used the same accelerometer (ActiGraph 7164 or GT1M), worn at the waist, and data was collected for at least four days. The majority used data from seven consecutive days, except one that collected data for 14 days and another one that collected data for fi ve to seven days.
One study reported using only the average from three days of monitoring when one of the days had more than 16 hours of consecutive zero readings. Participants from that study corresponded to 1.4% of the total sample.
All studies asked their subjects to remove the equipment during bathing, swimming or skiing. Fourteen studies collected data during waking hours, three collected data throughout the day. The minimum number of monitoring hours per day ranged from eight to 12 hours (for studies collecting data during waking hours) and 22 hours (for one study that collected data for 24 hours per day). One study considered a valid minimum of six hours per day.
The subjects wore the device on average 11.2 hours per day. Three studies did not address the minimum hours of data collection.
Few studies reported other methodological issues as described above (nine studies).
Different cut-offs were chosen to defi ne the thresholds of PA levels in ct·min -1 . The majority (10 studies) used Freedson cut-offs or adjusted them to account for physical inactivity or sedentary activities 25 ( Table 2 ).
The thresholds for inactivity or sedentary activities were variable: <100 ct·min -1 ; <200 ct·min The results were grouped according to similarities in data collection methods, units, and data reporting techniques. Data were also stratifi ed by sex (male, female) and mean age (<60 and >60 years) ( Table 3) .
DISCUSSION
Systematic reviews have explored the use of accelerometers and other motion sensors to provide reliable information on mobility and objective measures of gait and balance, fall risk assessment, 5,23,30 and advantages of the use of these methods in the mobility-related activities in individuals with chronic diseases 1 and older people. 9 The present study summarizes published results and methods from studies that used accelerometry to describe PA in adults and elderly people.
Most research studies were conducted in North America (11 studies). Three were part of the well-known National Health and Nutrition Examination Survey (NHANES) 2003-2004 where accelerometers were included in a large-scale study for the fi rst time. 16, 27, 29 Five studies reported data from European countries (2,971 individuals of a total sample of 19,848). These fi ndings suggest that, in addition to information on the elderly, there is a need for studies with populations with characteristics different from the US population.
All were cross-sectional studies. One study 6 reported the time of year when data was collected and its data analysis included that season. Season of the year has been identifi ed as a potential factor affecting active behavior 22 and PA in the elderly, and depending on the season there is a need to repeat data collection or collect data for longer periods.
This review study tried to select a homogeneous group of studies by establishing detailed and complete inclusion criteria. Even after careful selection of studies, there was a diversity of methods, analyses, and results, and the goal of describing PA results was not fully accomplished.
Units, data reporting techniques, and sample stratification varied widely across the studies, making comparisons between studies or subgroups diffi cult and preventing any additional conclusions. The most reported variable outcome was daily average ct·min -1 , and all other variables could only be grouped into very limited subgroups of no more than three studies. Most studies did not include older people, and most did not report separately the results of men and women, even when both were included in the samples.
A meta-analysis would allow to summarizing the results from studies with different sample sizes and reliabilities and provide a quantitative review of the literature. However, given the nature of our data and the goals of this study, we found that summarizing the effects across all subgroups was inadequate.
Notwithstanding, new insights have been added to a previous review that used accelerometry data in adults but could not differentiate calibration cut-offs or data collection methods of different study protocols. To be continued
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Although we conducted an extensive search of the databases, we may have missed other studies. The inclusion criteria of English-language studies, selected search databases, and exclusion of grey literature may also have affected the number of studies selected for analysis.
This review shows there is scarce research studies in adults especially elderly and suggests directions for further studies, such as the development of studies in countries other than the US, use of longitudinal designs and accounting for the season or time of year.
There is a need to standardize data collection methods and units for data reporting to allow comparisons of results across studies and monitor changes in populations. These data can help design more adequate strategies for monitoring and promotion of PA. 
